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Abstract 
Production technology such as production tools, methods and processes for thin-film lithium secondary battery will 
be introduced. Thin-film lithium secondary batteries that are produced by thin-film deposition technology have 
special advantages thanks to their unique thin-film shape. They are not only safe to use as a result of their being all-
solid-state, but are also thin, lightweight and flexible. They can be employed in small electronic devices and 
biomedical device. If thin-film lithium secondary batteries are mass-produced for the market, their demand will 
increase rapidly, thereby accelerating market expansion. If we can establish and provide a mass-production 
technology for thin-film lithium secondary batteries, we will be able to contribute to the growth of markets for these 
batteries and products that use them.  
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1. Introduction 
Lithium ion secondary batteries have particularly high energy densities and do not degrade easily by 
repeated charge and discharge. For these reasons there has been a steady increase in the demand for 
lithium ion secondary batteries, especially in the PDA market. At the same time, however, lithium ion 
batteries have the risks of leaks and fires caused by liquid electrolyte, cathodes and separators, which raise 
concerns over their safety. To resolve these problems, an all-solid-state battery that uses solid electrolyte 
has been proposed for development.  
Among all-solid-state batteries, thin-film lithium secondary batteries that are produced by thin-film 
deposition technology have special advantages thanks to their unique thin-film shape. They are not only 
safe to use as a result of their being all-solid-state, but are also thin, lightweight and flexible. Accordingly, 
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they can be employed in small electronic devices and biomedical devices, such as RF-ID tags and MEMS-
IC, and are expected to be used in combination with various energy harvesting devices in the near future. 
[1-3]  
Although there is a growing market demand for more compact and thinner secondary batteries as 
electronic devices become more and more compact in size, technological development has reportedly 
been lagging behind. If thin-film lithium secondary batteries are mass-produced for the market, their 
demand will increase rapidly, thereby accelerating market expansion. If we can establish and provide a 
mass production technology for thin-film lithium secondary batteries, we will be able to contribute to the 
growth of markets for these batteries and products that use them.  
2. Production Technology of thin-film lithium secondary battery 
A thin-film lithium secondary battery has a layered structure composed of five kinds of layers: 
electrode active material layers (cathode and anode), current collector layers, a solid electrolyte layer and 
a sealing layer. Thanks to our existing elemental technologies available for our purpose, we were able to 
develop a manufacturing technology for integrated production (equipment, materials and manufacturing 
processes) in a short period of time.  
Since we had mass production in mind when we started development, newly developed devices are all 
designed to use available technologies for mass production. By combining a cluster-type sputtering 
system (SME-200J), a vacuum evaporation system (ei-5), and a cluster-type vacuum evaporation-
polymerization system (PME-200), we released a pilot production line.  
In addition to these systems, the following processes are required for the manufacture of a thin-film 
lithium secondary battery:  
z Sputtering: Formation of lithium oxide thin films, including a cathode (LiCoO2) and solid 
electrolyte (LiPON) 
z Deposition: Formation of an active anode (lithium metal) 
z Evaporation-polymerization: Formation of a sealing film with high moisture barrier properties 
z Sputtering target: Fabrication of lithium oxide materials (LiCoO2, Li3PO4, etc.) 
Planar-type magnetron sputtering is employed for the deposition of the cathode and solid electrode 
layers, the major components of the battery, and lithium cobalt oxide (LiCoO2, LCO) and lithium 
phosphate (Li3PO4, LPO) are used for sputtering targets, which are 300 mm in diameter. The LCO 
cathode layer is thicker than other layers and requires high-speed deposition. Using high-quality targets 
and RF and DC sputtering, we achieved a deposition rate exceeding 100 nm/min. Meanwhile, the LiPON 
solid electrolyte layer is deposited using an LPO target and nitrogen gas reactive RF sputtering. It has 
been confirmed that the layer has an ion conductivity of no less than 1e-6 S/cm. 
A multi-layered film composed of alternating organic and inorganic layers is required for the sealing 
layer. The results of the assessment of the moisture transmission rates of a total of six layers (three pairs 
of organic and inorganic films; it is difficult to assess four pairs or more due to the lower limit of 
measurement) have shown that the rates are, on the average, no more than 1e-3 g/m2/day, confirming that 
the sealing capacity will last for more than three years in atmosphere. 
The lithium vacuum evaporation system is equipped with a vapor source and a substrate holder 
designed to process multiple substrates so as to improve the efficiency of batch processing. 
 
An LPO target is used for the sputtering of the LiPON hybrid glass solid electrode, which can only be 
formed as a thin film. LPO often causes spherical defects within annealed bulk as a result of moisture 
evaporation that occurs when moisture is not sufficiently removed. 
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The newly developed technology processes raw material powder with appropriate annealing in order to 
improve the density, homogeneity and microscopic properties of targets and produces targets with a 
relative density of 95% or greater. It is possible to deliver a RF power of 4 kW at maximum to a target of 
this quality with a diameter of 300 mm.  
Although LCO powders, which are a typical active cathode material for lithium ion secondary batteries, 
are available in many different types, LCO sputtering targets are not easy to obtain, with mostly test 
products made for experiments available. As is well known, LCO is an oxide with a layered structure, 
which often develops anisotropy in strength. Since a sputtering target is subjected to residual stress 
resulting from connection with backing plates and thermal stress resulting from the power load during 
deposition, an anisotropic oxide target like an LCO target is likely to develop fractures during deposition. 
However, by increasing the relative density, homogeneity and microscopic properties of the material, we 
developed a target with a diameter of 300 mm that can be sputtered with a maximum RF and DC power 
of 5.0 kW. 
The LPO and LCO targets described above are currently available, both with a standard diameter of 
300 mm. We are working to increase the density and size of targets and have achieved a density of about 
99% for LPO targets and a density of about 96% for LCO targets in our experiments. We are also 
working to develop targets by using new active materials and electrolyte candidates. 
3. Sputtering deposition of cathode and electrolyte film 
Sputtering deposition process of cathode and electrolyte films as most important layers of thin-film 
lithium secondary battery will be introduced. Sputtering is usually selected as deposition method for 
cathode and solid electrolyte films for its some advantages. Especially, RF magnetron sputtering is 
selected for these films because these materials indicate high resistivity or insulating. Issues in deposition 
of these films are as follows: For cathode (LCO) film, 1. Crystallinity and orientation control, 2. 
Composition control (Li/Co ratio), 3. High speed deposition, and for solid electrolyte (LiPON) film, 1. 
Formation of amorphous film, 2. Stability and reproducibility of reactive sputtering (LPO target and 
nitrogen gas), 3. Degradation of film quality due to the plasma radiation.  
3.1 Deposition of cathode (LiCoO2) film 
 
Unique sputtering module especially for dielectric materials is selected for deposition of cathode film. 
Capacity is mainly determined by the volume of cathode film because lithium metal film is (usually) used 
as anode for thin film lithium secondary battery. Film thickness of cathode is relatively thicker and higher 
deposition rate is required than other layers. Cathode material is electrically conductive and can be 
sputtered with combination of RF and DC hybrid power source. Actually deposition rate can be increased 
with increasing the DC ratio when the total power of RF+DC is fixed. Deposition rate is 1.5 times higher 
in case of DC ratio of 50% of total power than that of only RF power. Figure 1 shows the deposition rate 
at various sputtering power conditions. As can be seen this figure, deposition rate is increased with 
increasing of DC ratio and deposition rate of 100 nm/min is achieved under the condition of total power 
of 4.0 kW and DC ratio of 50%. This value is thought to be higher than any previous reports.  
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Fig. 1. LCO deposition rata at various sputtering power. 
 
LCO films obtained using this method are investigated. From the comparison of surface and sectional 
view of SEM observation between RF sputtering and DC+RF hybrid one, both films have dense columnar 
structure and there is no difference between them. Figure 2 shows the result of Raman spectroscopy. 
Crystallinity is evaluated by FWHM of Eg peak. As can be seen from this figure, crystallinity of the 
sample by DC+RF hybrid sputtering is same or better than that of RF-only one. It is suspected that these 
differences are due to the situation of generated plasma.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. Comparison of FWHM of Raman Eg peak between RF and DC+RF hybrid sputtering 
 
3.2 Deposition of solid electrolyte (LiPON) film 
 
Solid electrolyte LiPON is prepared by RF magnetron and reactive sputtering with LPO target and 
nitrogen gas. Concept of sputtering chamber used for LiPON is same as one for LCO. Sputtering chamber 
is reasonably modified for fabricating of LiPON film with good properties because it is very sensitive and 
easily damaged by plasma radiation. Figure 3 shows the relationship between deposition rate of LiPON 
film and RF power. As can be seen from this figure, deposition rate increases linearly with increasing of 
RF power. Thickness uniformity of LiPON film of 8 inch area is also described in this figure, it is 
confirmed that thickness uniformity is good. The reason why the thickness uniformity is improved at 
1578  Takehito Jimbo et al.\ / Energy Procedia 14 (2012) 1574 – 1579 Author name / Energy Procedia 00 (2011) 000–000 5 
higher power region is thought to be relaxing of distinctive convex distribution by decreasing of 
scattering due to higher velocity at higher power.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3. Relationship between deposition rate of LiPON film and RF power 
 
Film quality of LiPON film is also investigated. Chemical bond related to nitrogen in LiPON film was 
evaluated by X-ray photoelectron spectroscopy (XPS). O-N=O, NP3 and P-N=P were confirmed. Ion 
conductivity of LiPON film was investigated by using half cell with Pt. Thickness of LiPON film is 1.5 
µm. It is confirmed that typical conductivity of 1-2e-6 S/cm  is obtained.  
4. Performance of thin-film lithium secondary battery 
Prototype of thin film lithium secondary batteries is manufactured and investigated. The effective area 
(cathode area) of test batteries is 20 mm square. The cathode LCO layer and the solid electrolyte LiPON 
layer are designed to respectively be 3.0 μm and 2.0 μm in thickness. Platinum and nickel are used for the 
cathode and anode current collector layers.  
The results of our assessment of the charge-discharge capacity of prototype batteries have confirmed 
that these batteries have a capacity of about 0.5 mAh. The cut-off voltage at the time of charge and 
discharge were respectively set to 4.2 V and 3.0 V and the 1C was estimated at 0.75 mA in accordance 
with the theoretical capacity calculated from the volume of an LCO film. It is thought that difference 
between measured and theoretical capacity is due to crystallinity and/or film density. Figure 4  shows C-
rate performance of our prototype battery. We can see typical discharge curves with plateau region same 
as lithium-ion secondary battery. From this figure, we can find that 70% of discharge capacity at 20C (15 
mA), Continuous discharge of 66s at 25C (18.75 mA) and about 46 ohm of dc resistance. Charge property 
with CV mode is also tried. There is no failure in the prototype battery under CV mode with charging 
voltage of 4.2 V. It is also confirmed that charging time up to 90% of maximum capacity is not more than 
6 min. The discharge properties were also obtained during cycle property assessment. Charge/discharge 
depth at the time of measurement was 100%. There was almost no change in the discharge properties of 
batteries after 100 cycles. The capacity was about 98% of the initial capacity and batteries retained 
favorable properties. In the future, we will further progress a reliability test for long period.  
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Fig. 4. C-rate performance of prototype battery 
 
5. Conclusion 
In this paper, production technology such as production tools, methods and processes for thin-film 
lithium secondary battery was introduced. Thin-film lithium secondary batteries that are produced by 
thin-film deposition technology have special advantages thanks to their unique thin-film shape. They are 
not only safe to use as a result of their being all-solid-state, but are also thin, lightweight and flexible. 
They can be employed in small electronic devices and biomedical device. If thin-film lithium secondary 
batteries are mass-produced for the market, their demand will increase rapidly, thereby accelerating 
market expansion. If we can establish and provide a mass production technology for thin-film lithium 
secondary batteries, we will be able to contribute to the growth of markets for these batteries and products 
that use them.  
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